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
7KHVN\OXPLQDQFHGLVWULEXWLRQUHSUHVHQWVWKHFDSLWDOLQIRUPDWLRQIRUWKHVLPXODWLRQVRIWZDUHLQRUGHUWRSHUIRUP
DQ DFFXUDWH HYDOXDWLRQ RI WKHGD\OLJKW DYDLODELOLW\ LQVLGHDURRPXVXDOO\ WKHPHDVXUHPHQWVRI WKH VN\ OXPLQDQFH
GLVWULEXWLRQDUHDYDLODEOHRQO\IRUIHZORFDOLWLHV7KHHDVLHVWPDQQHUWRULGHRXWWKHODFNRIH[SHULPHQWDOOXPLQDQFH
GDWDIRUDSODFHLVWRFDOFXODWHWKHVN\OXPLQDQFHGLVWULEXWLRQWKURXJKDVLPXODWLRQPRGHO




$YHUVD VRXWKHUQ,WDO\ ODWLWXGH¶ORQJLWXGH¶DQGKRVWV WKH'HSDUWPHQWRI$UFKLWHFWXUHDQG,QGXVWULDO
'HVLJQ ³/XLJL 9DQYLWHOOL´ RI WKH 6HFRQG 8QLYHUVLW\ RI 1DSOHV ZHUH H[SHULPHQWDOO\ HYDOXDWHG ,Q RUGHU WR
FKDUDFWHUL]HWKHURRP IURPWKHSKRWRPHWULFDOSRLQWRIYLHZ WKHUHIOHFWDQFHYDOXHVRI WKHLQWHUQDOVXUIDFHVDQG WKH
WUDQVPLWWDQFH YDOXHV RI WKHZLQGRZ KDYH EHHQ H[SHULPHQWDOO\ HYDOXDWHG ,QVLGH WKH URRP QLQH OX[PHWHUV IRU WKH
DFTXLVLWLRQRIWKHGD\OLJKWLQJLOOXPLQDQFHGLVWULEXWLRQZHUHSODFHGDWPIURPWKHIORRUOHYHO
)ROORZLQJWKHPHWKRGSURSRVHGE\%DUW]RNDVD$HWDO >@IRU WKHFODVVLILFDWLRQ RI WKHVN\ZLWKDVRODUDOWLWXGH
ORZHU WKDQ WKHPHDVXUHPHQWVRI WKH]HQLWK OXPLQDQFHDQG WKHKRUL]RQWDOGLIIXVH LOOXPLQDQFHZHUHSHUIRUPHG
WRJHWKHUZLWKWKHLQWHUQDOLOOXPLQDQFHDFTXLVLWLRQV


















GHYLDWLRQ ZLWKLQ  7KH UHIOHFWDQFH PHDVXUHPHQWV ZHUH UHFRUGHG XVLQJ WKH VWDQGDUG LOOXPLQDQW ' DQG
FRQVLGHULQJ WKH 6SHFXODU &RPSRQHQW ,QFOXGHG 6&, 7KH DYHUDJH YDOXHV RI WKH UHIOHFWDQFH YDOXHV UHFRUGHG RQ
WKUHH GLIIHUHQW SRLQWV RI HYHU\ VXUIDFHZHUH XVHG DV WKH YDOXHV RI WKH UHIOHFWDQFH IRUPRGHOOLQJ WKH URRPYLD WKH
VLPXODWLRQVRIWZDUH









RIWKHURRPFRQVLGHUHGZLWK WKHLGHQWLILFDWLRQRI WKHSRLQWVZKHUHWKHLOOXPLQDQFHVHQVRUVZHUHSODFHG ,Q WKH)LJ
E WKHOD\RXWDQGWKHGLPHQVLRQVRIWKHZLQGRZZHUHDOVRUHSRUWHG7KHGLPHQVLRQVUHSRUWHGLQWKH)LJDDQGE
DUHH[SUHVVHGLQPHWHUV
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7KHH[WHUQDOPHDVXUHPHQWVZHUHSHUIRUPHGRQDSRVLWLRQ IUHH IURPH[WHUQDO REVWUXFWLRQV7KHRXWGRRU GLIIXVH
KRUL]RQWDOLOOXPLQDQFHZDVPHDVXUHGE\DOX[PHWHU&KURPD0HWHU&/PDQXIDFWXUHGE\.RQLFD0LQROWD ZLWK
FRVLQH FRUUHFWLRQPHDVXULQJ UDQJH IURP  O[ WR  NO[ DQGDFFXUDF\RI  $Q RFFXOWLQJGLVFZDV XVHG DV
VKDGLQJV\VWHP LQVWHDGRID VKDGRZULQJ LQRUGHU WRPLQLPLVH WKHHUURU LQ WKHDFTXLVLWLRQRI WKHKRUL]RQWDOGLIIXVH
LOOXPLQDQFHVWKHGLVNKDVDGLDPHWHURIPPDQGZDVSODFHGPIURPWKHVHQVRUWRFRYHUDVN\VROLGDQJOHRI
VUFHQWUHGRQWKHVXQ7KHGLVNZDVEODFNSDLQWHGLQRUGHUWRUHGXFHDQ\UHIOHFWLRQWRZDUGVWKHVHQVRUDQGDV





7KH UDWLR EHWZHHQ WKH ]HQLWK OXPLQDQFH /] DQG WKH KRUL]RQWDO GLIIXVH LOOXPLQDQFH 'Y YDOXHV ZDV XVHG WR
















8VLQJ WKH PHDVXUHG JHRPHWULFDO DQG SKRWRPHWULFDO FKDUDFWHULVWLFV D YLUWXDO PRGHO RI WKH URRP ZDV UHDOL]HG
WKURXJKWKHVLPXODWLRQVRIWZDUH




VXUIDFH DQ DYHUDJH YDOXH RI WKH UHIOHFWDQFH )RU WKH VDPH UHDVRQ WKH JURXQGZDV PRGHOOHG DV D VXUIDFH ZLWK D





7KH VLPXOWDQHRXV DFTXLVLWLRQ RI WKH H[WHUQDO GD\OLJKW TXDQWLWLHV ]HQLWK OXPLQDQFH DQG KRUL]RQWDO GLIIXVH
LOOXPLQDQFHDQGWKHGLVWULEXWLRQRIWKHGD\OLJKWLQVLGHWKHURRPDOORZHGFRUUHODWLQJWKHGD\OLJKWDYDLODELOLW\LQ WKH
URRPZLWK WKHOXPLQDQFHGLVWULEXWLRQRI WKHVN\%\PHDQVRI WKHPHWKRGSURSRVHGE\%DUW]RNDVDHWDO >@ HDFK
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$VVXPLQJ WKH YDOXHV RI WKH H[SHULPHQWDO GD\OLJKW LOOXPLQDQFH (H[SDV UHIHUHQFH YDOXHV WKH UHODWLYH SHUFHQWDJH









)LJ  VKRZV WKH UHVXOWV RI WKH FRPSDULVRQ LQ WHUPV RI UHODWLYH SHUFHQWDJH HUURU EHWZHHQ H[SHULPHQWDO DQG
VLPXODWHGGD\OLJKWLOOXPLQDQFHYDOXHVDFTXLUHGXQGHUWKHVN\W\SHVHOHFWHG
$FFRUGLQJWRWKHGDWDKLJKOLJKWHGLQ)LJLWFDQEHQRWLFHGWKDWWKHPLQLPXPGLIIHUHQFHEHWZHHQH[SHULPHQWDO
DQG VLPXODWHG YDOXHV LV REVHUYHG LQ WKH 3RLQW  ZLWK D SHUFHQWDJH HUURU RI DERXW  ZKLOH WKH PD[LPXP
GLIIHUHQFHLVREVHUYHGLQWKH3RLQWZLWKDSHUFHQWDJHHUURURIDERXW 
7KHJUHDWHVWUDQJHYDULDWLRQLQWHUPVRISHUFHQWDJHHUURULVQRWLFHGLQWKH3RLQWIRUZKLFKWKHSHUFHQWDJH HUURU
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6RODU
D]LPXWK













)LJVKRZVWKDW WKHVLPXODWLRQVRIWZDUHDOZD\VXQGHUHVWLPDWHV WKHGD\OLJKW LOOXPLQDQFH OHYHOLQVLGH WKH URRP

















































































































































































WDNH LQWR DFFRXQW WKH VN\ W\SHV PDGH DYDLODEOH E\ WKH VLPXODWLRQ VRIWZDUH RQO\ WKH GD\OLJKW LOOXPLQDQFH
GLVWULEXWLRQVDFTXLUHGXQGHUWKHVN\W\SHZHUHFRQVLGHUHG
&RQVLGHULQJ WKH LQWHUQDO GD\OLJKW LOOXPLQDQFH GLVWULEXWLRQ WKH JUHDWHVW GLIIHUHQFH EHWZHHQ VLPXODWHG DQG
H[SHULPHQWDOGDWDZDVIRXQGIRUWKHVHQVRUFORVHVWSODFHGWRWKHZLQGRZ3RLQW)RUWKLVSRLQWWKHGDWD GHWHFWHG
RQ)HEUXDU\WKDWVKRZDGLIIHUHQFHRIDERXWO[
$QDO\]LQJ WKH UHVXOWV REWDLQHG IRU HDFKPHDVXUHPHQW SRLQW LW FDQ EH QRWLFHG WKDW WKH 3RLQW  DQG  VKRZ
UHVSHFWLYHO\WKHPLQLPXPDQG WKHPD[LPXPYDOXHVRIWKHHUURUZKLOHWKH3RLQWDQGVKRZ
UHVSHFWLYHO\WKHJUHDWHVWDQGWKHVPDOOHVWUDQJHYDULDWLRQLQWHUPVRISHUFHQWDJHHUURU
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